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"TH SUMMARY REPORT OF PROGRESS 
I. Reduction of Microbial Dissemination from Humans 
Studies concerned with the effect of bathing, as well as other types of 
pretreatments, on dissemination of microorganisms have been held in abeyance, 
pending the completion of installation of a new microbiotank adjacent to the 
existing mi%. 
various services required for operation, a new, enlarged airlock is necessary 
for housing the entrances of the dual-microbiotank installation. Plans for 
In addition to positioning the new tank and connecting the 
the new facility have been drawn and submitted to the engineering services of 
the Communicable Disease Center. 
Preliminary work has been initiated on the shedding of Clostridia perfrin- 
gens by humans. 
microorganisms disseminated in the microbiotank, it has been necessary to 
Since this will be the first attempt at recovering anaerobic 
design initial studies to determine whether the presently used methods are 
suitable for anaerobes. 
processed in a highly aerated state; this technique may preclude the recovery 
of anaerobic microorganisms. 
In the present procedure, the collecting medium is 
Since calibration of the microbiotank requires a large number of anaerobic 
spores for seeding purposes, the initial efforts have been directed toward 
obtaining a medium that will produce a high population of spores. Several 
media reported in technical literature as highly efficient for production of 
spores of Clostridia perfringens were evaluated for the preparation of a 
microbiotank inoculum. Limited success has been achieved in the preparation 
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of' an adequate spore population w i t h  these media. 
duction of spores was obtained wi th  a basal medium. 
count of organisms harvested from the basal medium and two of the  sporulation 
media i s  shown i n  t ab le  1. 
The most s a t i s f ac to ry  pro- 
A comparison of the  spore 
None of the media produces excel lent  spore populations; however, the  
quant i ty  of spores produced i n  t he  basal medium should provide suf'ficient 
numbers f o r  the i n i t i a l  ca l ibra t ion  studies. 
7.7 x 107 Mean Total  Ce l l  Count 
Table 1 
2.9 108 
Mean Spore and C e l l  Counts fo r  Two Sporulation Media 
and a Basal Medium 
Mean Spore 
count 
Criteria Medium Medium 
7.0 x lo4 3.0 x 10 4 
Basal 
Medium 
1.5 107 
3.7 105 
1.1 x 102 1 
11. Germicidal Act ivi ty  of Ethylene Oxide 
Effectiveness against  Spores of Baci l lus  g lob ig i i  of Gaseous Ethylene 
Oxide a t  Selected Concentrations and times of Exposure -- Major e f f o r t s  are 
continuing t o  increase the eff ic iency of ethylene oxide gas fo r  s t e r i l i z a t i o n  
of bac te r i a l  endospores. 
surfaces a t  average l eve l s  of about 5 x 10 / f t  
ported here. 
Dustborne spores of Baci l lus  g lob ig i i  contaminating 
4 2  were used i n  the  s tudies  re- 
Gas concentrations up t o  approximately 3200 mg of ethylene oxide 
per l i t e r  of a i r ,  exposure periods from 1 t o  24 hours, temperatures from 80 t o  
120%, and relative humidities from lo& t o  were employed i n  these tests. 
2 
Since gas Concentrations are limited with standard mixtures of 12% ethylene 
oxide and 88% Freon, it has been necessary to utilize pure ethylene oxide in 
studies with high concentrations of the gas. Although gas concentrations 
considerably in excess of those recommended for sterilization purposes have 
been used, a significant number of the sterilization cycles have not killed 
exposed populations of B. - globigii spores. 
attempts at optimal conditions, 1209 and 50$ relative humidity, is shown in 
table 2. 
A summary of the unsuccessful 
The results indicate that sterility was obtained in a substantial number 
of trials under the various test conditions; however, a number of sterilization 
cycles failed. 
duration; tests limited to 1-hour exposures were primarily with the high con- 
centrations of ethylene oxide. 
24% of the trials (table 2). 
duration, which is considered an acceptable exposure period for moderate 
levels of gas concentrations, the failure rate was still 155. 
Most of the exposure periods were of 4-, 18-, and 24-hours 
Sterilization was not achieved in a total of 
Excluding exposure periods of less than 4-hours 
Table 2 
Number of Unsuccessful Sterilization Trials Against Dustborne Spores 
of B. - globigii at Various Concentrations of Ethylene-Oxide Gas 
at 50% Relative Humidity and 1209 
76 I Totals 
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High concentrations of gas did not precluae sterilization failures. 
Viable spores were recovered after exposure to 1600 %/liter of ethylene oxide 
for 24 hours. 
posure periods of 4 hours duration, sterilization of the spore-laden test 
Even at the 3200 %/liter level of gas concentration with ex- 
surfaces was not accomplished in all runs, as shown in table 3. The latter 
gas concentrations are considerably in excess of those normally considered as 
necessary for  sterilization with gaseous ethylene oxide. The results indicate 
that high concentrations of ethylene oxide apparently do not increase the 
efficiency of the gas against refractive spores of B. globigii in dust. 
-a- 
Skips were obtained at practically all time intervals tested. No particu- 
The various exposure lar exposure period yielded consistently better results. 
periods at which failures were observed at various gas concentrations are 
shown in table 3. 
relatively high concentrations, 1600 %/liter, of gas, sterilization cycles 
failed to destroy all of the microbial contamination. 
is not evident that increasing the duration of exposure will increase the 
dependability of sterilization of B. - globigii by ethylene-oxide gas. 
Even with prolonged exposure periods of 24 hours and at 
From these results, it 
Relative humidity was maintained at 5046 or less for most of the tests. 
Only a few trials were conducted at higher levels of moisture. 
showed that sterilization was more consistent at 50% than at lower humidities. 
Without sufficient humidity, there was very little, if any, sterilization re- 
gardless of concentration, time, or temperature. With relative humidities at 
the 1046 level, approximately 90$ failures were observed for all the concen- 
trations and exposure periods tested. 
The results 
Only small differences were observed in the number of failures with vari- 
ations in temperature in the 80° to 1209 range used in these tests. 
the small variations between various temperatures, a large number of tests 
Due to 
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would be necessary t o  es tabl ish a s igni f icant  parameter r e l a t ing  temperature 
t o  effectiveness.  The results suggest t h a t  increases i n  temperature, within 
the range p rac t i ca l  f o r  ethylene oxide, do not markedly increase the eff ic iency 
of t h e  gas against  dustborne spores of - B. Flobigi i .  
T a b l e  3 
Exposure Periods f o r  Unsuccessful Trials of Ethylene-Oxide Gas 
against  Dustborne Spores of B. l o b i  ii 
a t  5 6  Relative Humidity -++- and 120 
Comparison of S t a t i c  vs. Dynamic Chamber f o r  Exposure of Spores t o  
Ethylene Oxide -- Preliminary results wi th  dynamic vs. static exposure chambers 
indicate  t h a t ,  w i t h  the systems employed, results have been similar. 
duplicate runs were conducted a t  each of 2-, 4- ,  and 18-hour exposure periods. 
A concentration of 500 mg/l of ethylene-oxide gas was used, the  temperature 
was maintained a t  120%, and the  r e l a t ive  humidity was 50%. 
-
S i x  
After 50 days 
incubation of the tes t  surfaces, l i t t l e  difference was observed between the 
two systems, as shown i n  table  4. Three failures occurred i n  t r ia ls  with the 
s t a t i c  system and 1 with t h e  dynamic system. Although these preliminary 
resuli;s indicate  no s igni f icant  difference between the dynamic and s t a t i c  
systems, it should be emphasized tha t  t he  exposure chambers are r e l a t ive ly  
small. A layer ing effect of the gas may not be pronounced i n  test chambers 
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of the size used, (see below); in larger systems, static conditions may not be 
as efficient due to the difficulty in obtaining uniform distribution of 
gaseous ethylene oxide. 
Table 4 
Comparison of Static vs. Dynamic SysteLs of Sterilization 
at 1209, 'jO$-&-I, and 500 mg/l of gaseous 
Ethylene Oxide, against Dustborne 
Spores of B. - plobiaii 
Description of Experimental Apparatus for Exposure of Bacterial Spores to 
Gaseous Ethylene Oxide -- Valid studies on the effectiveness of gaseous 
ethylene oxide require experimental apparatus that will provide accurate and 
precise control and measurement of experimental conditions, including tempera- 
ture, relative humidity, pressure, concentration of gas and water vapor, and 
time of exposure. 
been designed, fabricated, and tested; and, this apparatus is currently in use 
in investigations for the National Aeronautics and Space Administration on the 
germicidal effectiveness of ethylene-oxide gas. 
mental apparatus follows. 
Experimental apparatus that meets these requirements has 
A description of the experi- 
Figures 1 and 2 are schematic diagrams showing design and function of the 
experimental apparatus. 
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Two identical, stainless-steel, two-cubic-foot exposure chambers are en- 
closed in a single controlled-environment cabinet. 
cabinet regulates temperature (and humidity) of the air around the chambers 
The controlled-environment 
over a wide range; air from the cabinet is circulated through a companion unit 
where it is spray-washed with tempered water at a fixed vapor pressure, re- 
heated to the desired temperature, and then returned to the cabinet. Access 
to the twin chambers is through double doors in the cabinet. The outer door 
is constructed of insulated metal. The inner door is glass, with armports and 
gloves permitting manipulations within the cabinet area without disrupting the 
selected environmental conditions in the cabinet. The temperature-control 
system in the cabinet assures identical thermal regulation for both exposure 
chambers. 
Desired gas concentrations are obtained in the two chambers by mixing 
gaseous ethylene oxide with the Freon 12 carrier gas after precision regula- 
tion and flow contzol of each gas. The resulting mixture is then brought to 
temperature approximating that of' the test through preheaters and heat- 
exchanging baths. The gas is then passed through a mixing chamber to assure 
thorough mixing. Water vapor is then added to the flowing stream of preheated 
gas by continuous injection of low-pressure, super-heated steam. Low pressure, 
sub-saturated steam is passed through a heated-block, micro-control needle 
valve avoiding condensate formation in the valve. Adjustment of the heated 
block valve regulates the quantity of water vapor added to the gas stream and 
the heat required to bring the gas to test temperature. The wetted gas then 
passes through a sight glass equipped with a flapper check valve to mix it 
further and to provide visual assurance that the mixture is free of condensate. 
After passing a vapor trap, the gas stream is split and carried to each of the 
twin chambers. 
regulating control valves in each chamber supply line (figure 1). 
Equal distribution to the chambers is accomplished through 
A l l  measurements of concentrations of ethylene oxide and water vapor 
(expressed as relative humidity) are by infra-red analysis. 
up is also available for measurement of concentration of ethylene oxide and 
water vapor for gas chromatography.) 
measurement in the sampling system: one analyzer is set at the sensitive wave 
(A complete set- 
Two infra-red analyzers are employed for 
length for water and the other for ethylene oxide. 
ted with known concentrations of both ethylene-oxide gas and water vapor, 
determined by gas chromatographic procedures. 
The analyzers are calibra- 
Gas samples are taken at four points (supply and exhaust, chamber top and 
bottom) from each of the chambers in a sequential manner (figure 2), and the 
samples are returned after analysis to the chambers from which they were 
taken. Sequential sampling operations are accoqlished by programming a 
series of solenoid valves with a multipoint recorder. 
used to evacuate the sample lines associated with a given chamber and the 
analysis system, returning the residue gas in the sample lines to the chamber 
from which it was taken. 
alternate chamber. 
determinations of concentrations of both ethylene-oxide gas and water vapor 
without adulteration or loss of the environmental test gas from the respective 
test chambers. 
A pump-down sequence is 
Sample gas lines are evacuated prior to sampling the 
Thus, the sampling equipment provides a means for accurate 
Environmental test gases are circulated within the dynamic chamber by 
means of a single stage pump; gas is withdrawn from the exhaust manifold and 
reintroduced at the supply manifold to provide a lateral circulation of low 
turbulence. Static conditions in the other chamber are maintained by isolating 
the gas lines. 
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Dried, spore-laden dust samples on suitable surfaces are aseptically 
placed in each exposure chamber for each sterilization trial. 
chambers are then sealed. 
conditions by flow-through of gas, through a pressure-controlled water trap 
(figure l), imtil the desired concentrations of ethylene-oxide gas and water 
vapor are reached in the chambers; approximately 40 minutes is required for 
charging. 
from the chambers for viability determination. 
The exposure 
The chambers are simultaneously charged to selected 
Following exposure of spore samples, they are aseptically removed 
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